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ABSTRACT

Background: Resistance to carbapenems due to carbapenemases has been increasingly noticed worldwide. Detection of carbapenemases
among Gram-negative bacteria (GNB) is important for both clinicians and infection control practitioners. Both phenotypic and molecular
methods can be used for detection of Carbapenemases production. Molecular methods although the gold standard for detection of
carbapenemases are not used routinely as they might not be immediately available coupled with expertise required, cost and infrastructure
incurred and limited by the number of targets detected.

Methods: Consecutive non-repeat gram negative isolates isolated from various clinical specimens from intensive care unit (ICU) were
included in the study. Antimicrobial susceptibility testing was done on Mueller Hinton’s agar by Kirby Bauer Disc diffusion method
as per the Clinical and Laboratory Standards Institute (CLSI) guidelines. Isolates resistant to Meropenem were further screened for
carbapenemase producing genes using multiplex polymerase chain reaction (PCR). The results were statistically analysed.

Result: A total of 350 gram negative bacteria were screened for carbapenem resistance. Carbapenem resistance was found in 109 GNB.
The metallo- B-lactamases were most common carbapenemases followed by KPC.

Conclusion: Carbapenemase producing bacteria are a major threat of the 21st century. Preventing emergence and spread of these
pathogens through strict infection control practices, judicious use of antibiotics and early and timely detection will contribute in preserving
carbapenems, the last resort antibiotics.
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Introduction

A major public health issue worldwide has been
the emergence of resistance to carbapenems due to
production of carbapenem hydrolysing beta-lactamases
(carbapenemases) which renders them resistant to all
B-lactam agents including penicillins, cephalosporins,
monobactams, and carbapenems . The genes encoding
for carbapenemases usually belong to Ambler class B
metallo-B-lactamases (MBLs) or to Ambler class A KPC-
type enzymes and occasionally Ambler class D.

The carbapenemases characterized from gram negative
bacteria include KPC, SME, IMI, VIM, NDM, OXA type
enzymes and GES. The majority of carbapenem resistance
among gram negative bacteria is attributed to MBL and KPC
expression. The KPC-f lactamase occurs most commonly in
K. pneumoniae, but it has also been reported in other species
of Enterobacteriaceae (Klebsiella oxytoca, Enterobacter
spp., Escherichia coli, Salmonella spp., Citrobacter freundii,
and Serratia spp.) and Pseudomonas aeruginosa 19,

The reason for our interest in such genes encoding for
carbapenemases is because of the fact that they are present

on conjugative plasmids thereby increasing their potential
for rapid dissemination and causing life threatening
infections by multi drug resistant bacteria for which we
might not have a cure. Given the dwindling therapeutic
options capable of combatting carbapenemase producing
microorganisms, knowledge of carbapenemases producing
microorganisms will be the crucial step in controlling their
spread and ensuring a favorable clinical outcome .

The situation is further worsened by the fact that such
microorganisms are frequently resistant to other groups of
antibiotics 1. The fact that even automated systems are not
100% successful in detection of carbapenemase-mediated
resistance is worrisome ™. Although molecular methods
are highly efficient, they require costly infrastructure and
incur high running cost which makes them impracticable
for routine testing.

Aim and Objectives

Aim: To detect Carbapenemases production in Gram
negative bacteria from clinical samples of patients admitted
in ICU and genotypic profiling of carbapenemases
in a Tertiary Care Centre. Objectives: To determine
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the prevalence of Gram negative bacteria resistant to
carbapenems in samples from ICU patients. Genotypic
profiling of the carbapenem resistant isolates.

Materials and Methods

This prospective study was carried out in Tertiary care
hospital in Western India. Clearance from the Institutional
Ethical Committee was obtained prior to commencement
of the study. Informed written consent was taken from all
participant patients of the study. Over a period of eighteen
months from Jan 2016 — Jun 2017, 350 consecutive non-
repeat gram negative isolates isolated from various clinical
specimens from intensive care unit (ICU) were included in
the study.

All specimens except urine were inoculated on MacConkey
agar and Blood agar. Urine samples were inoculated on
Cystine Lactose Electrolyte Deficient agar (CLED). The
inoculated plates were incubated aerobically at 37°C for
18 hours. The blood culture specimens were inoculated in
blood culture bottles and incubated aerobically at 37°C in
automated blood culture systems. On receipt of a positive
signal, the particular specimen was sub cultured from the
blood culture bottle onto blood and MacConkey agar and
incubated as above.

On completion of the required incubation time, bacterial
identificationwascarriedoutbaseduponcolonymorphology,
Gram stain, lactose fermentation, production of acid/ gas
and a battery of other biochemical tests such as catalase
and oxidase test, nitrate reduction, sugar fermentation,
triple sugar iron (TSI) test, triphenyl tetrazolium chloride
motility (TTC) medium, decarboxylase test etc.

The antimicrobial susceptibility testing was done by the
Kirby Bauer disc diffusion method on Muller Hinton
agar and commercially available antimicrobial discs
(HiMedia) were used. The sizes of the zones of inhibition
were interpreted as per CLSI: Performance Standards
for Antimicrobial Susceptibility Testing: Twenty Sixth
Informational Supplement 3. All gram negative isolates
resistant to Meropenem were further tested for production
of carbapenemases.

Molecular methods

All Meropenem resistant isolates and 50 randomly
chosen isolates which were sensitive to carbapenems by
disc diffusion method were subjected to DNA extraction
with HiPurA™ Plasmid DNA Miniprep Purification Kit
(HIMEDIA) followed by conventional PCR technique for
detection of resistance genes bla bla,,. ., bla_  bla

NDM-1° VIM® IMP, OXA

and bla,,. (Table-1) which were purchased from Eurofins

Genomic Pvt Ltd.

www.pacificejournals.com/apalm

Statistical Analysis
All the data was entered on Excel sheet and analyzed by
using SPSS version 22 software.

Result

A total of 350 isolates of Gram negative bacteria from
various clinical samples were collected. All the clinical
isolates were tested for resistance to Carbapenem class of
drugs by Kirby-Bauer disc diffusion method.

Distribution gender wise: Out of the 350 samples 212
(62%) were from male patients and 138 (38%) were from
female patients as shown below in Figure-1.

Species wise distribution: Out of 350 samples the majority
were Enterobacteriaceae (E.coli and Klebsiella spp and
Citrobacter spp) Pseudomonas spp and Acinetobacter spp
were also isolated. Species wise distribution of isolates is
shown below in Figure-2.

Sample wise distribution: The majority of samples were
Urine followed by, Pus, Respiratory samples and Blood
respectively. Distribution of samples is shown below in
Figure-3.

Age distribution: Out of the 350 samples 37% of the
samples were from 16Y-40Y followed by 35% belonging
to 41Y-65Y. Age wise distribution of samples is shown
below in Figure-4.

Meropenem Sensitivity pattern: Out of 350 isolates 231
were sensitive, 10 were intermediate and 109 isolates were
resistant to Meropenem by the Kirby bauer disc diffusion
method.

Species wise distribution of Meropenem resistance:
Species wise distribution of resistant isolates is shown in
Table-2.

PCR: All the 109 resistant samples were subjected to PCR
for the detection of carbapenemase genes. In addition
randomly selected 50 isolates which were sensitive to
carbapenems by disc diffusion were subjected to PCR.

Genotypic Profiling of Carbapenemases: The results of
PCR are shown in Table-3. Gel electrophoresis is shown in
Figure-5 and Figure-6.

The total of last row is more than 100% as few (04) isolates
had two carbapenemase genes

Discussion

In our study, a total of 350 isolates of Gram negative
bacteria from various clinical samples collected during
a period of eighteen months from Jan 2016 to June 2017
were tested for resistance to carbapenem class of drugs.
In this study, out of 350 isolates, 166 (47.4%) were E.coli
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Table 1: PCR targets for carbapenemases.

IMP2-F GGAATAGAGTGGCTTAAYTCTC 232bp
IMP2R-2 CCAAACYACTASGTTATCT

VIM-F GATGGTGTTTGGTCGCATA 390bp
VIM-R CGAATGCGCAGCACCAG

OXA-48A TATATTGCATTAAGCAAGGG 800bp
OXA-48B CACACAAATACGCGCTAACC

NDMf CACCTCATGTTTGAATTCGCC 984bp
NDMr CTCTGTCACATCGAAATCGC

KPCyF TGTCACTGATCGCCGTC 1011bp
KPCyR CTCAGTGCTCTACAGAAAACC

Table 2: Species-wise distribution of Meropenem Resistant isolates.

Acinetobacter baumanii 30 21 70%
Burkholderia spp 3 0 -
Citrobacter freundii 15 6 40%
Citrobacter koseri 1 0 -
Escherichia coli 166 33 20%
Enterobacter spp 7 2 28.6%
Klebsiella oxytoca 2 0 -
Klebsiella pneumoniae 53 22 41.5%
Pseudomonas spp 53 23 43.4%
Proteus vulgaris 7 1 14.3%
Proteus mirabilis 0 -
Misc 4 1 -
TOTAL 350 109 31.14%

Table 3: Genotypic profile of Carbapenem resistant isolates.

Escherichia coli (n=33) 12 24 - - 1
Klebsiella spp (n=22) 06 16 2 - -
Pseudomonas spp (n=23) 19 - 4 - -
Acinetobacter spp (n=21) 12 - 9 - -
Citrobacter spp (n=6) 3 - 2 - 1
Enterobacter spp (n=2) - - 1 - 1
Misc spp. (n=2) 2 - - - -
Total = 113 (109) 54 (49.5%) 38 (34.8%) 18 (16.5%) - 3 (2.7%)
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Fig. 1: Gender-wise distribution of isolates.
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Fig. 2: Species-wise distribution of isolates.
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Fig. 3: Sample-wise distribution of isolates.
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Fig. 4: Age-wise distribution of Samples.
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Fig. 5: Gel Electrophoresis I PC-Positive control NC- Negative control MW-molecular weight ladder.
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Fig. 6: Gel Electrophoresis II PC-Positive control NC- Negative control MW-molecular weight ladder.
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followed by 55 which were Klebsiella spp (16%) 53 were
Pseudomonas (15%) and 30 were Acinetobacter baumanii
(8.6%) respectively.

Study by Mulla et al. and Patel et al. had similar finding
which had E. coli and Klebsiellae as the most common
isolates of Enterobacteriaceae in their clinical samples &
6. The prevalence of carbapenem resistance was 31.14%
in this study. Similarly, overall meropenem resistance was
reported by Mulla S et al ¥ and Mahajan G et al ..

Majority of sample was of urine 63% (220/350) followed
by pus 21%. Similar findings were reported in a comparable
study by Mohamudha R.P et al .. In our study, carbapenem
resistant organism was isolated mainly from urine 44.95%
(n=49) followed by pus 22.93% (n=25) and respiratory
samples 18.34% (n=20). In a study by Nagaraj S et al
Pl they observed that carbapenem-resistant organisms
were isolated mainly from urine samples up to 42% (n =
21), followed by wound discharge 18% and respiratory
secretions 16%.

Urine was the most frequent sample received during our
study and in most of the studies analyzed. This may be
attributed to urinary tract infection (UTI), being the most
common hospital-acquired infection, which accounts for
almost 40% of all nosocomial infections.

The meropenem-resistant isolates (109 out of a total of 350
isolates) were subjected to multiplex PCR for detection of
resistance genes bla, . ., bla,,, blaIMP‘blaOX Jandbla,, . In
addition 50 samples which were sensitive to Carbapenems
by the disc diffusion method were randomly selected and

subjected to multiplex PCR.

All 109 isolates which were resistant to Carbapenems by
the disc diffusion method came positive for presence of
Carbapenemase genes by PCR. NDM was detected in 54
samples (49.5%), KPC in 38 samples (34.8%), OXA-48
type in 18 samples (16.5%) and VIM came positive for 03
samples (2.7%) respectively. IMP gene was not detected
in any of the isolates. In addition 04 isolates came positive
for both bla,  and bla ,. The 50 samples which were
sensitive to carbapenems by the disc diffusion method
were negative for the presence of Carbapenemase genes.
In other studies prevalence of blaNDM-1 producers
among carbapenem-resistant Enterobacteriaceae ranged
between 31.2% and 91.6% [, Shanmugam et al in India
reported a prevalence of 67.4% blaKPC gene in resistant
Enterobacteriaceae "). In another study by S. Mohanty
the prevalence of NDM-1 was 65.6%, OXA-48 24.7%,
OXA-181 in 23.6%, VIM was 6.4% and KPC was 2.1%
respectively 121,

Conclusion

The past few years have seen an unprecedented increase
in the number of carbapenemase producing bacteria being
identified from clinical isolates worldwide. Majority are
multidrug resistant, causing prolonged and life-threatening
infections. The carbapenemase producing genes are
generally borne on transposable genetic elements or
plasmids, capable of horizontal spread.

Preventing emergence and spread of these pathogens
through strict infection control practices, judicious use of
antibiotics, and early and timely detection especially in a
hospital setting are of utmost importance. A sound infection
control protocol, rational use of antibiotics and a good
antimicrobial policy would not only reduce prevalence of
these super bugs but would also contribute in extending the
longevity of the carbapenems, the last resort antibiotics in
many life-threatening infections.
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